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exchanger 20 and a heater 12, and 
humidified by means of wicks or a 
tube 1 4 provided with a nozzle 1 8 
arranged in a filter-like plug 1 9 and 
connected to a water tank 6, and 
an air temperature regulating de- 
vice including a temperature sensor 
21 disposed in an outlet tube 1 1 . 



(54) Heating and humidifying 
breathing air for divers 

(57) In a device for conditioning 
breathing air for divers, the air is 
heated to above the body tempera- 
ture of the diver and humidified to 
close to saturation. Upon inhala- 
tion, the air temperature is lowered 
whereby some of the vapor will 
condense and give off its heat of 
evaporation. The device comprises - 
an air inlet 1, air passages wherein 
the air is heated by means of a heat 
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SPECIFICATION 

Heating and humidifying breathing air for 
divers 

5 

The invention relates to a method and a 
device for conditioning of breathing air for 
divers. 

For maintenance of the body temperature of 

1 0 a person it is necessary that the heat per unit 
of time developed by the body or supplied 
thereto corresponds to the energy per unit of 
time given off to the surroundings of the 
person. The giving off or delivery to the 

15 surroundings takes place in breathing out 
humid gases heated by the body, heat trans- 
fer from the body by conduction, radiation 
and convection of heat, and mechanical work 
carried out by the person. 

20 Thus, warming of persons in order to pre- 
vent lowering of the body temperature, or in 
order to raise this can be carried out by 
supplying heat energy or preventing heat de- 
livery to the surroundings. 

25 In order to prevent heat loss to the sur- 
roundings, it is known to use isolating suits, 
so-called frogman's suits, but these cannot 
prevent that divers feel cold after staying for 
some time in the sea. It has therefore been 

30 necessary to supply heat, which has been 
done by introducing warm water between the 
body of the diver and the isolating suit, which 
warm water, however, may cause washing out 
of the skin and promote growth of micro 

35 organisms, such as fungus or the like, on the 
skin. It is also known to introduce warm water 
through passages in a diver's suit. 

The breathing air of divers has also been 
used as heat carrier. In the known portable 

40 compressed air devices, in which compressed 
air at ambient temperature flows from com- 
pressed air bottles to the diver through reduc- 
ing valves, in order to adjust the pressure of 
the breathing air to the ambient pressure, the 

45 breathing air will be cold, due to the pressure 
reduction. The air, however, must be dry in 
order to prevent formation of ice in the valves, 
and upon possible heating of the air to above 
body temperature, e.g. after pressure reduc- 

50 tion, its relative humidity will be small, which 
promotes drying of the mucous membranes 
in the tracheas. Due to the low specific heat 
of air, however, the breathing air must be 
very warm and it therefore becomes very dry. 
" 55 In practice, however, it has proved to be 
impossible to supply the diver with so much 
heat per unit of time by means of such heated 
air alone, that he does not feel cold. 
The purpose of the invention is to provide a 

60 method and a device for conditioning of 
breathing air for divers, which method and 
device eliminates the above-mentioned 
drawbacks in use of heated breathing air. 
The characteristic feature of the method 

65 according to the invention is that the breath- 



ing air, which is heated to above the body 
temperature of the user, is humidified to close 
to saturation, so that its temperature is lower 
than the dew point when it is cooled in the 
70 tracheas. Hereby a part of the vapor contents 
of the air is condensed. The heat released 
during the condensation is given off to the 
body and the condensate is absorbed by the 
lung tissue and the blood. 
75 Assuming that the heat per unit of time 
corresponding to the mechanical work per- 
formed by the body, and the heat per unit of 
time given off by the body to the surround- 
ings by conduction, radiation and convection 
80 of heat is constant, that the air exhalation is 
approximately at body temperature and ap- 
proximately saturated with vapor, and that the 
heat per unit of time produced by the body 
itself is constant, the body temperature may 
85 be influenced by controlling the temperature 
and humidity of the breathing air. 

The characteristic features of the device 
according to the invention will be evident 
from the claims. 
90 The invention will be described in detail in 
the following description with reference to the 
accompanying drawings, in which: 

Figures 1 and 2 are schematic longitudinal 
sections of two embodiments of a device 
95 according to the invention. 

The device shown in Fig. 1 comprises an 
elongated, tubular housing 3 with an upper 
cross wall 2 and a lower cross wall 5. The 
upper cross wall 2 is provided with an inlet 

100 tube 1 connected to a not shown compressed 
air tank or compressor through a not shown 
pressure reducing valve, and the lower cross 
wall 5 forms an upper portion of a water 
container 6 fastened to the lower end of the 

105 housing 3. The cross wall 5 is provided with a 
flap valve 7 which is spring loaded to closed 
position and which opens in the direction 
towards the container 6. Centrally in the hous- 
ing 3 there is arranged an inner tube 4 of 

110 which the upper end portion, which consti- 
tutes the outlet tube 1 1 of the device, is 
carried through the upper cross wall 2 of the 
housing 3, and of which the lower end por- 
tion 8 is arranged with its opening 9 at some 

1 1 5 distance above the wall 5, thereby forming a 
slot 10 connecting the space between the 
heading 3 and the central tube 4 with the 
inner portion thereof. 

In the lower end of the central tube 4 there 

120 is arranged an e.g. electrical heating element 
1 2, and above this a filter-like plug 1 9 made 
of metal threads, thin metal strips etc. reduc- 
ing the cross-section of the tube 4. 
A tube 14 with small diameter and co- 

125 axially arranged in relation to the tube 4 
extends through and is fastened to the lower 
cross wall 5 the housing 3. The lower end 
portion 15 of the tube 14 has an inlet open- 
ing 1 6 arranged at a distance above the 

1 30 bottom of the water container 6. The tube 14 
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extends upwards through a bore in the heat- 
ing element 1 2 and it upper end portion 1 7 
has an outlet opening 1 8 arranged in the 
filter-like plug 19. 
5 A heat exchanger 20 extending in the trans- 
verse direction of the housing 3 and the tube 
4, is arranged above the filter-like plug 19. In 
the heat exchanger there are formed 
throughgoing openings extending in the longi- 
1 0 tudinal direction of the housing 3 and the 
tube 4. 

In the outlet tube 1 1 of the tube 4 there is 
arranged a temperature sensor which is opera- 
tively connected to the heating element 1 2 for 
1 5 controlling the output thereof. The outlet tube 
1 1 may be connected to the diver's mouth 
through e.g. a further, not shown, reducing 
valve. 

As in the above described embodiment of 
20 the device according to the invention, the 
embodiment shown in Fig. 2 comprises an 
elongated, tubular housing 33 provided with 
a lower cross wall 35. The housing is en- 
closed by a mantle 52, the space there- 

25 between and the housing 33 being adapted to 
be filled with water through a not shown filler 
pipe, and the mantle 52 thereby constituting 
the water container 36 of the device. 
The upper cross wall 32 of the mantle 52 

30 constitutes the roof or the upper cross wall of 
the housing 33 through which wall the inlet 
tube 31 of the housing extends. 

Centrally in the housing 33, e.g. co-axially 
in relation thereto, there is arranged an inner 

35 tube 34 of which the upper end portion, 
which constitutes the outlet tube 41 of the 
device, is extended through the upper cross 
wall of the mantle 52. The lower end portion 
of the inner tube 34 is provided with a cross 

40 wall, in which there is arranged a spring 

loaded flap valve 54, which opens upwards in 
the direction away from the lower portion of 
the housing 33, into the inner tube 34. A 
tube 44 extends co-axially in relation to the 

45 tubular housing 33 from an opening formed 
in the lower cross wall thereof and up into the 
inner tube 34, the upper end of the tube 44 
being provided with a nozzle and terminated 
and enclosed by a filter-like plug 49 filling the 

50 whole cross-section of the inner tube 34. 

In the lower end portion of the nozzle tube 
44 there may be arranged a spring loaded 
flap valve 53 opening, i.e. permitting fluid 
flow, upwards towards the nozzle. A heating 

55 element 42 is arranged in the water container 
36, which element is adapted to maintain 
constant temperature of the water. 

A cooling tube 55, one end of which is 
carried through the wall of the outlet tube 41 

60 inside the housing 33, is extending inside the 
outlet tube 41 along part of the length and in 
the downstream direction thereof. In its other 
end the cooling tube 55 is provided with a 
valve body 56, adapted to open and close this 

65 end depending on the temperature of the 



breathing air which flows in the outlet tube, 
as indicated by the arrows 57, e.g. by means 
of a bimetallic spring or the like. 

In addition to the above-mentioned valves, 

70 both embodiments may be provided with not 
shown valves for full or partial mutual com- 
pensation of pressure between the various 
spaces of the device and /or between these 
spaces and the surrounding water during e.g. 

75 rise or descent in the sea, for the return of 
condensed vapor back to the water container, 
and to provide bypass of breathing air past 
the inner tube 34 if e.g. the filter-like plug 49 
should become clogged. 

80 The function of the embodiment illustrated 
in Fig. 1 is as follows: 

Dry, cold air from a compressed air con- 
tainer, compressor or the like, flows into the 
inlet tube 1 of the device through a reducing 

85 valve as a consequence of a pressure reduc- 
tion at the outlet tube 1 1 caused by inhalation 
of the diver. Dry air with a pressure somewhat 
higher than the ambient pressure flows down- 
wards in the space formed between the inner 

90 tube 4 and the housing 3, through the open- 
ings in the part of the heat exchanger 20 
being arranged in this space, whereby the air 
is somewhat heated. At the lower end of the 
housing 3 the air flow is deflected and guided 

95 through the slot 1 0 formed between the lower 
end portion 8 of the inner tube 4 and the 
lower cross wall 5 of the housing 3, and 
upwards into the inner tube 4, through the 
openings of the heating element 1 2, where 
100 the temperature of the air is raised to e.g. 
above 100°C. 

The filter-like plug which forms a reduction 
of the cross-section of the tube 4 causes 
acceleration of the air flow with a consequent 
105 reduction of the static pressure thereof, similar 
to a Venturi nozzle, when the diver inhales. 
This causes water to be sucked upwards 
through the tube 1 4 from the water container 
6, which water is then distributed in the plug 

110 1 9 on the threads or strips thereof, whereby 
the effective evaporating surface becomes 
large. The valve 7 opens when the difference 
between the pressure of the air above the 
cross wall 5 and the pressure of the air above 

1 1 5 the water in the container 6 reaches a pre- 
determined value. 

The water in the plug 1 9 is heated by the 
hot air and evaporates, whereby the tempera- 
ture of the air falls to e.g. 80X-1 00°C, while 

1 20 the relative humidity rises to e.g. 50%. The 
air then flows past the heat exchanger 20, 
whose portion being positioned outside the 
tube 4 is cooled by the cold air flowing in the* 
inlet tube 1 , and the temperature of the air is 

125 lowered to e.g. 50°C, while the relative 

humidity is raised substantially. The air then 
flows out of the outlet tube 1 1 , past the 
temperature sensor 21 arranged therein, 
which, e.g. through a per se known electronic 

1 30 circuit, controls the output delivered by the 
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heating element and thus provides the diver 
with air of a suitable temperature through a 
reducing valve which reduces the air pressure 
to approximately ambient pressure. Due to the 
5 fact that the dry, cold air is flowing on the 
outside of the inner tube 4, through which 
warm air is flowing along a large portion of its 
length, the heat loss of the device to the 
surroundings is reduced. 
1 0 If desired the device may be isolated in 
order to obtain further reduction of the heat 
loss. 

The device shown in Fig. 2 operates in a 
similar way. 

15 When the pressure in the outlet tube 41 is 
lowered due to inhalation, dry, cool air will 
flow from the compressed air container, com- 
pressor or the like, through a reducing valve, 
into the inlet tube 31 of the device and 

20 downwards into the space formed between 
the housing 33 and the inner tube 34. The 
water contained in the water container 36 and 
heated by the heating element 42 will deliver 
some of its heat through the walls of the 

25 housing 33 to the air flowing in said space, 
and the thus heated, very dry air will flow into 
the inner tube 34 through the valve 54. Here 
water will be sucked up into the nozzle tube 
44 in the same way as described above and 

30 moisten the air which flows out of the outlet 
tube 41 . If the temperature of the breathing 
air flowing in the outlet tube 41 is too high, a 
device, e.g. a bimetallic spring or the like, 
which acts upon the valve body 56, will move 

35 this away from its seat and thereby cause 
opening of the outlet end of the cooling tube 
55, whereby cold air will flow from the inlet 
of the device, through the cooling tube and 
cool this and thereby the surrounding beath- 

40 ing air in the outlet tube 41 . The cold air 
eventually flows out into this tube, past the 
valve body 56. If the temperature of the 
breathing air thereby should become too low, 
the valve body will close the outlet end of the 

45 cooling tube. 

Instead of the tube 1 4 or 44 and the filter- 
like plug 1 9 or 49, there may be arranged 
wicks drawing water from the water container 
6 or 36 and introducing the water into the 

50 inner tube 4 or 34, downstream of the portion 
of the air flow passage which is influenced by 
the heating element for supplying water to the 
heated, dry air. 

. 55 CLAIMS 

1 . A method for conditioning of heated 
breathing air for divers comprising heating the 
air to a temperature higher than the body 
temperature of the diver and humidifying the 

60 breathing air to close to saturation. 

2. A device for carrying our the method 
according to claim 1 comprising a housing 
with an air passage having an inlet tube for 
connection to a supply of dry, cold air, a 

65 heating element for heating the arriving dry, 



cold air, a water container, means for control- 
ling the supply of water from the container to 
the heated air, and an outlet tube connected 
to a means for supplying the conditioned air 
70 from the device to the diver, in which outlet 
tube there is arranged a temperature sensing 
means adapted to control a means for regulat- 
ing the temperature of the breathing air. 

3. A device according to claim 2, where- 
75 in the means for controlling the supply of 

water to the heated air comprises a contracted 
portion of the air passage through the hous- 
ing, which portion is arranged directly down- 
stream in relation to the portion of the air flow 
80 passage which is heated by the heating ele- 
ment, and a tube connecting said contracted 
portion with the portion of the water container 
filled with water. 

4. A device according to claim 2, wherein 
85 the means for controlling the supply of water 

to the heated air comprises wick means with a 
wick extending from the water container to a 
portion of the air passage through the housing 
directly downstream in relation to the portion 
90 of the device being heated by the heating 
element. 

5. A device according to any one of 
claims 2 to 4, comprising a heat exchanger 
downstream in relation to the heating element 

95 and the place where the water is introduced 
into the air flow through the housing, which 
heat exchanger provides preheating of the 
dry, cold air flowing into the housing, and 
cooling of the humidified air. 

100 6. A device according to any one of 

claims 2 to 4 comprising a cooling tube in the 
outlet tube, through which cooling tube com- 
munication between the inlet tube and the 
outlet tube may be provided by means of said 

105 temperature regulating means. 
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